1. Introduction
===============

Groin hernia repair is a common procedure in general surgery; although groin hernias should be electively repaired to avoid complications, delayed diagnosis or repair of groin hernias often result in incarceration, defined as irreducibility of the hernia.^\[[@R1]\]^ Incarcerated groin hernias (IGH) are one of the most frequent causes of acute abdomen, and approximately 5% to 15% patients with IGH require emergency surgery because of bowel incarceration or bowel strangulation, defined by objective evidence of ischemia.^\[[@R2],[@R3]\]^ Moreover, due to the difficulties in clinical diagnosis, approximately 15% to 36% patients with IGH develop strangulated groin hernia (SGH),^\[[@R4]--[@R9]\]^ requiring prompt emergency hernioplasty with bowel resection, which has a higher morbidity (21%--39%) and mortality (4%--5%) rate than those reported for elective hernioplasty surgery.^\[[@R5],[@R8],[@R10],[@R11]\]^ Early evaluation of bowel resection risk and timely surgery are critical for the outcomes in IGH patients.

Several risk factors have been reported for bowel resection, for example, female sex, older age, delayed hospitalization, severe comorbidities, femoral hernia, signs and symptoms of peritonitis, bowel obstruction, white blood cell count, neutrophilic leukocyte count, and poor American Society of Anesthesiologists physical status classification.^\[[@R6],[@R8],[@R11]--[@R13]\]^ However, previous research has determined these risk factors with limited sample size and without multivariate regression analysis, and thus may include confounding factors. This study aimed to conduct univariate and multivariate analyses to identify risk factors for bowel resection in 323 patients with IGH at a single institution, to provide further evidence for the clinical management of IGH.

2. Methods
==========

2.1. Patient selection and data collection
------------------------------------------

We retrospectively collected data regarding 323 patients who underwent emergency hernia surgery for IGH from January 2010 to October 2019 at the West China Hospital in Chengdu, China. All data were collected from medical records of patient admitted during the study period and the following information was extracted: patient registration number, sex, age, duration of incarceration, admission season, hernia type, presence of bowel obstruction symptoms, history of previous abdominal surgery, presence of recurrent hernia, presence of concomitant disease, CT scan findings, bowel resection (yes/no) during hernioplasty, and preoperative hematological inflammatory markers such as white blood cell count, neutrophilic leukocyte count, neutrophil-to-lymphocyte ratio (NLR). This study was conducted in accordance with the standards of the Helsinki Declaration and current ethical guidelines and was approved by the Biomedical Ethics Committee of West China Hospital of Sichuan University. All patients were waived of informed consents due to the retrospective nature of this study.

The diagnosis of bowel obstruction was established when CT showed multiple stepwise air-fluid levels and dilated bowel loops. Duration of incarceration referred to the period from when the mass became irreducible to the time of hospitalization. Season of admission was defined as autumn and winter from September 23rd of 1 year to March 21st of the next year and spring and summer as the period from March 22nd to September 22nd. Concomitant diseases included chronic obstructive pulmonary disease, history of multiple pregnancies, liver cirrhosis or liver cancer, and benign prostatic hyperplasia.

2.2. Statistical analysis
-------------------------

ROC curve analysis was used to determine the best cutoff value for continuous variables such as age, duration of incarceration, pre-operative white blood cell count, preoperative neutrophilic leukocyte count, and preoperative NLR. The optimal cutoff value was selected according to the maximum value of Youden index.^\[[@R14]\]^ The optimal cutoff value for NLR was calculated to be 6.5. The cutoff values for age, duration of incarceration, preoperative white blood cell count, and preoperative neutrophilic leukocyte count were 57 years, 13 hours, 8.5 × 10^3^ cells/mm^3^, and 7 × 10^3^/mm^3^, respectively.

*χ*^2^ test was used to compare categorical variables. Continuous data are presented as mean ± standard deviation (SD) or median (range). Comparisons of normal and non-normal continuous variables were conducted by Student *t* test and Mann--Whitney *U* test, respectively. Univariate and multivariate logistic regression analyses were used to explore risk factors for bowel resection in patients with IGH. All statistical analyses were performed using SPSS version 24.0 (SPSS, Inc, Chicago, IL). A 2-tailed *P* value of \<.05 was considered significant.

3. Results
==========

A total of 323 patients with IGH were included in this study (221 males \[68.4%\] and 102 females \[31.6%\]), with a median age of 73 (14--98) years. The patients were categorized into 2 groups: those who received bowel resection and those who did not require bowel resection during hernioplasty, as determined by clinical judgment of bowel ischemia during the operation. In total, 97 patients (30.0%) underwent bowel resection surgery and 226 (70.0%) did not. We used traditional non-mesh tissue repair techniques for hernioplasty such as Bassini or Shouldice procedure for inguinal hernia and McVay procedure for femoral hernia in patients with and without necrosis of hernia content, as demonstrated in Figure [1](#F1){ref-type="fig"}.^\[[@R15],[@R16]\]^ Abdominal CT scanning was done in all patients and showed the following findings:126 cases with multiple stepwise air-fluid levels and dilated bowel loops, 123 patients with thickening of bowel wall, 50 patients with ascites, and 8 patients with free intraperitoneal air. The proportion of patients undergoing bowel resection was 24.4% (54/221) in males and 42.2% (43/102) in females, both of which were statistically significant according to univariable analysis (*P* = .001). In addition, we found significant differences between the 2 groups of patients regarding rates of bowel obstruction, preoperative white blood cell count, preoperative neutrophilic leukocyte count, and preoperative NLR (*P* \< .05)(Table [1](#T1){ref-type="table"}).

![Description of emergency surgery of IGH. This was an 84-year-old female patient whose complaint was "groin pain, vomiting, and abdominal distension sustained for 14 hours" and diagnosed as incarcerated femoral hernia with bowel obstruction. (A--C) Horizontal view of abdominal CT scan. (D) Surgical exploration through the right inguinal incision. The white arrow in A and B shows the patients had bowel obstruction. The white arrow in C indicates the strangulated femoral hernia in the right-side groin area. The white arrow in D indicates the necrotic incarcerated small bowel. IGH = incarcerated groin hernia.](medi-99-e20629-g001){#F1}
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Univariate analysis of the factors (categorical variables) affecting bowel resection in incarcerated groin hernia.
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A comparison of the continuous variables between the 2 groups showed that duration of incarceration, preoperative white blood cell count, preoperative neutrophilic leukocyte count, and preoperative NLR were all significantly higher in the patients with bowel resection than in patients without bowel resection (*P* \< .05) (Table [2](#T2){ref-type="table"}). The multivariate logistic regression analysis showed that NLR (odds ratio \[OR\] = 3.362, 95% confidence interval \[CI\] 1.705--6.628, *P* = .000) and bowel obstruction (OR = 3.191, 95% CI 1.873--5.437, *P* = .000) were independent risk factors for bowel resection in patients with IGH (Table [3](#T3){ref-type="table"}).

###### 

Univariate analysis of the factors (continuous variables) affecting bowel resection in incarcerated groin hernia.
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###### 

Binary logistic regression analysis of independent risk factors for bowel resection in incarcerated groin hernia.

![](medi-99-e20629-g004)

4. Discussion
=============

For patients with IGH, if bowel necrosis is confirmed or highly suspected intraoperatively, bowel resection should be performed immediately^\[[@R8]\]^; the need for bowel resection significantly affects patient prognosis, with increased hospital stay, postoperative complications, and mortality.^\[[@R4],[@R8],[@R17]\]^ Therefore, it is of great clinical value to recognize risk factors which may predict need for bowel resection in patients with IGH. This study identifies risk factors of bowel resection based on multivariable logistic regression analysis results for 323 patients with IGH.

This study revealed that NLR and bowel obstruction were independent risk factors for bowel resection in patients with IGH. First, we found a relationship between an increased NLR and high risk of bowel resection. Moreover, our study revealed that if the NLR \>6.5, the probability of bowel necrosis was higher, suggesting that an NLR cutoff value of 6.5 could indicate that emergency surgery should be done immediately. Second, we identified bowel obstruction as an independent risk factor for bowel resection. Similar results were reported by several authors.^\[[@R6],[@R7]\]^ Bowel ischemia caused by bowel obstruction may be responsible for this finding.

Available studies have provided strong evidences that when inflammation induces neutrophils rise and lymphocytes fall, leading to an elevated NLR.^\[[@R18]--[@R21]\]^ Previous researches have reported that NLR can be a good and valuable diagnostic indicator of the severity of inflammation. Ishizuka et al^\[[@R10]\]^ found that NLR (≤8/\>8) appeal to be more sensitive and valuable than white blood cell count, neutrophil count, and C-reactive protein (CRP). Kahramanca et al^\[[@R22]\]^ reported that an NLR of 4.68 can aid to diagnose acute appendicitis and an NLR of 5.74 can differentiate between simple and complicated appendicitis. Shimizu et al^\[[@R12]\]^ discovered that NLR (\<5/\>5) may be more accurate and useful than the white blood cell count or CRP for diagnosis of severe appendicitis. In addition, Lee et al^\[[@R23]\]^ reported that preoperative NLR ≥3.0 was significantly associated with severe cholecystitis in patients undergoing cholecystectomy. In our study, we found that NLR (≤6.5/\>6.5) was the independent risk factor for bowel resection in patients with IGH. When incarcerated groin hernia is associated with bowel necrosis, which can lead to severe inflammatory response and an elevated NLR.

Currently, there are few reports on the relationship between NLR and bowel resection. Zhou et al^\[[@R24]\]^ found that NLR (≤6.5/\>6.5) was more closely associated with SGH than white blood cell count and neutrophils with higher sensitivity and specificity (0.75 and 0.689, respectively). Xie et al^\[[@R25]\]^ reported that NLR (\<11.5/≥11.5) could be used as the best predictor for diagnosing SGH. Koksal et al^\[[@R26]\]^ found that the risk of bowel necrosis was significantly higher when the NLR increased to 7.72 ± 5.69 (*P* = .019) and failed to give a cutoff value of NLR. However, the sample size included in these 3 studies was relatively small, whereas the total number of samples included in our study was 323 and our results might be more reliable. We discovered that NLR (≤6.5/\>6.5) can be used as a good predictor for diagnosing bowel resection in patients with IGH. Still, a prospective cohort study is needed to evaluate NLR value in the diagnosis of bowel resection in patients with IGH.

Previous research has found statistically significant higher rates of bowel ischemia for females with IGH.^\[[@R6],[@R8],[@R27]--[@R30]\]^ However, other studies have argued that sex is not a risk factor for bowel resection in patients with IGH.^\[[@R4],[@R7],[@R9],[@R25],[@R31]\]^ Our results revealed that bowel resection occurred more often in female IGH patients than that in male patients with IGH; however, female sex was not an independent risk factor of bowel resection among patients with IGH according to our multivariable logistic regression analysis.

Although via multivariable regression analysis, our study found that age is not an independent risk factor for bowel resection, there has been significant debate on this issue. Previous research studies have found that advanced age was a predictor of bowel resection in patients with IGH,^\[[@R4],[@R9],[@R25],[@R30]\]^ with Kurt et al\'s finding that the rate of bowel resection in IGH patients older than 65 years was significantly higher than that in patients aged ≤65 years.^\[[@R8]\]^ Possible explanations include atypical signs and symptoms for elderly presentations of IGH, leading to delays in treatment and operation. Other studies have shown that advanced age was not a risk factor for bowel resection in patients with IGH.^\[[@R6]--[@R8],[@R27],[@R28],[@R31]\]^

There is also significant debate regarding duration of incarceration as a risk factor for bowel ischemia and subsequent bowel resection for patients with IGH.^\[[@R4],[@R6],[@R7],[@R25],[@R27],[@R31]\]^ Our findings found late hospitalization to be a risk factor for bowel resection in patients with IGH in the analysis of continuous variables, but analysis of categorical variables revealed that duration of incarceration was not a risk factor for bowel resection in patients with IGH. This variable may be difficult to analyze, as patients may not remember the exact hour of onset for incarceration.

In addition, many studies have shown that femoral hernia is a risk factor for bowel resection in patients with IGH.^\[[@R4],[@R6],[@R8],[@R9],[@R27],[@R28],[@R30]\]^ Femoral hernias account for only 2.3% of elective hernias,^\[[@R32]\]^ but are usually present as incarcerated or strangulated with evidence of bowel necrosis, leading to severe morbidity and mortality.^\[[@R12],[@R29],[@R33],[@R34]\]^ Anatomic reasons for the high incidences of incarceration may include the hard lacunar ligament, long and narrow femoral canal, and the structure of the femoral canal with small upper and large lower orifices. However, our study showed that although incarcerated femoral hernia patients were more susceptible to bowel resection, femoral hernia was not an independent risk factor for bowel resection. Additionally, the differences in the admission season, presence of previous abdominal surgery, presence of recurrent hernia, and presence of concomitant disease were not statistically significant between the 2 groups in our study.

Lastly, there are inconsistent results regarding the predictive effects of white blood cell count and neutrophilic leukocyte count for bowel necrosis in patients with IGH. The results of Koizumi et al^\[[@R7]\]^ show that there was no statistically significant difference in white blood cell count and neutrophilic leukocyte count between the bowel resection group and no bowel resection group. However, Ge et al^\[[@R6]\]^ found that high levels of hematological markers such as white blood cell count and neutrophilic leukocyte count were associated with an increased risk of bowel resection. In our study, univariate analysis suggested that increased preoperative white blood cell count and preoperative neutrophilic leukocyte count were risk factors associated with bowel necrosis in IGH patients. Although multivariate analysis suggested that the above 2 factors were not independent predictors of bowel resection, the 2 indicators may help clinicians diagnose SGH.

The principal limitation of our study is that this was not a large-scale, multicenter prospective study. Due to the retrospective nature of our study, patient selection bias is inevitable, and future studies with large population samples and prospective study design are necessary for a better assessment of the risk factors discussed above.

5. Conclusions
==============

An elevated NLR \>6.5 and bowel obstruction are independent risk factors for bowel resection among patients with IGH. Surgeons should pay more attention on these patients and perform surgery promptly.
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